ABSTRACT
The rapid development of this material during the past year has made possible its extensive use for tools throughout this country and abroad. The records of production with these tools have already shown that this new cutting material will occupy a most important place in our industrial life.
The experiments described in this report relate primarily to a study of lathe-tool performance as affected by the conditions of cutting, such as variations in speeds, feeds, and depths, while the composition, the size, and form of the tools and cutting materials were not varied.
The investigation was for the purpose of developing a method of testing tungsten-carbide tools under heavy duty and to establish sonic of the laws of cutting which define the approximate relations between tests of short duration, which might be made in the laboratory, and long-time cutting required in practical service.
The need of such information is shown b}^the large number of inquiries received by the National Bureau of Standards from consumers. A special tool holder was designed to give ample support to the test tool near the cutting edge. This was firmly clamped in the 4-bolt tool post holder shown in Figure 1 .
A "live center" (tailstock) containing a ball bearing and having the form and dimensions shown in Figure 2 was used instead of the customary "dead center." Its insertion required considerable time and labor, but it avoided lubrication troubles common with the "dead center."
A single pointed cutting tool was selected and its form was similar to that commonly employed for heavy-duty roughing work. Its form and dimensions, as shown in Figure 3 Figure 9 . As shown in Figure" 9 
An examination of Figure 10 shows that there was a close agreement between the experimental and calculated values over a wide range of depths of cut.
As already stated, the cutting speed for a given tool life is dependent upon the quality and composition of the tool, the properties of the metal cut, size and form of tool, feed, and depth of cut. In these experiments the quality and composition of the tools, size and form of tools, and the metal cut were kept as near constant as possible, so that the cutting speed for a given tool life was dependent only upon the feed and depth of cut.
From equations (4) and (6) (2) and (7). The computations necessary in applying equations (2) and (7) are, however, tedious because of the form of equation (7), and to avoid these computations the chart reproduced in Figure 11 As shown by equation (7), the cutting speed is not affected equally by changes in feed and depth of cut. A higher cutting speed is associated with a deep cut and fine feed than with a corresponding combination of coarse feed and shallow cut. Equations (2) and (6) show that the exponents, n and p, expressing the relation between cutting speed and tool life and the cutting speed and depth of cut are equal.
VI. GENERAL COMMENTS ON THE LATHE TESTS
Despite the fact that cemented tungsten carbide contains appreciable proportions of cobalt, it is a relatively brittle material and for this reason the cutting tools must be well supported. For these tests the carbide tips were joined to the tool shank by copper brazing in a hydrogen atmosphere. Hoyt 10 stated:
It has been found that tungsten-carbide tips which are rigidly welded to the shank are only too apt to come off, either directly after the tool is made, or after being put in service. This is due to thermal stresses which are set up by temperature changes and differences in the coefficients of expansion of the carbide and the steel. This circumstance accounts for the popularity of copper brazing, because here the thin layer of copper affords a soft cushion which absorbs such stresses without transmitting them to the carbide tip. On the other hand, copper softens at elevated temperatures, so that it is necessary, in the design of the tool, to remove the joint far enough away from the cutting edge so that it does not get dangerously hot during operation.
This method of attaching the carbide tip was satisfactory for most of the conditions used in the cutting tests, although premature failure in several tests resulted because of the rupture of this bond.
The heaviest cuts used with the 0.5 by 1 inch tools were probably greater than those that could be used in ordinary shop practice where cost, due to tool breakage, becomes important. The carbide tips of the tools were reduced in size by grinding and weakened accordingly so that most of the tool breakage was confined to the heaviest cuts with tools that had been reground. The test showed that the tools could be used under relatively heav}^duty provided they were properly supported and not subjected to vibration.
The forces on a lathe tool, while cutting, are practically independent of the cutting speed and are dependent upon the cross section of the chip. It is evident from this principle that tungstencarbide tools should be used at relatively high speeds and for light cuts in order to keep tool breakage at a minimum. As shown In- equation (2) 
